Due to the continuous development of material sciences there is a constant demand to determine the thermophysical properties of new materials especially in the field of polymer technology. The temperature dependent volumetric heat capacity and thermal conductivity of two different porous mineral-resin composites were measured simultaneously by a transient technique developed by the authors. The technique includes one transient measurement and a genetic algorithm based evaluation method. We shortly present the principle of the technique and the measurement process and results for the two materials. The applied measurement technique can reduce the time consumption and the costs of the measurements compared to other well-known methods.
Introduction
The volumetric heat capacity and the thermal conductivity are the most important material properties in the solution of engineering problems connected with the transient heat conduction. Due to the continuous development of material sciences, there is a steady demand for measuring the material properties of new materials especially in the field of polymer technology. The thermophysical properties of polymers are usually functions of the temperature. In this case using the familiar measurement methods one has to measure the properties at proper numbers of temperature levels which is usually a time consuming operation. A further challenge exists when finding both thermal conductivity and volumetric heat capacity, since two different experimental techniques are typically required.
The thermophysical properties of a material are usually determined by forcing the sample material into some kind of steady or non-steady heat conduction phenomenon. The temperature data are direct results of the measurement (with characteristic errors) and the temperature -space and/or temperature -time distributions are the solutions of the heat conduction problem. Determination of the properties requires determination of the unknown parameters appearing in the heat conduction equation. The task, defined such a way, is an inverse heat conduction problem (IHCP). There are a number of methods for solving such types of inverse problems [1, 12] , but none of them is generally accepted. We can find many different methods among the classical approaches: sequential method, modified Newton-Raphson method [8, 18, 19] , Lagrange theory [6] , simplex method [13] , conjugate gradient method [2] , etc.
The application of artificial intelligence based methods and evolutionary algorithms in IHCP has been spreading thanks to the rapid development of computer science and technology. There are two main methods: neural networks [7, 10, 14, 16] and genetic algorithms [3, 5, 11, 15, 17] . In the literature sources mentioned above, the unknown parameter or unknown function sought for by the inverse problem is the boundary or the initial condition of a heat conduction problem, mostly in one dimension. In our case, the unknown parameters of the problem will be the volumetric heat capacity and the thermal conductivity and they appear as functions of the temperature.
The applied measurement technique offers simultaneous determination of the volumetric heat capacity and the thermal conductivity in case of linear temperature dependency and can reduce the time consumption and the costs of the measurement compared to other well-known methods. The advantages of this measurement technique can be maximized measuring polymers for the following reasons. The thermophysical properties of polymers generally have a temperature dependency. In the field of polymer technology, the demand for the measurements is high because of the huge variety of the materials. This way it is very important to perform the measurements fast and relatively low expense. Finally, the method works best with bad heat conductors. The measurement and evaluation method was modified and developed by the authors, based on the original idea of Kiss [9] .
The aim of this article is to present the applied transient measurement technique and the measurement process and results for two different porous mineral-resin composites. These materials are often used for space filling in the PUR foaming resin tools. The knowledge of the thermophysical properties -especially the volumetric heat capacity and the heat conductivityare important for the proper thermal design. Moreover, the onsite measurement allows continuous and rapid improvement in production and quality.
The measurement and evaluation method
The measurement of the thermal conductivity is usually based on one-dimensional heat conduction and simple geometries like slabs, cylinders or spheres. In our measurement, a hollow cylindrical sample is used. The height of the cylinder is four times greater than the outer diameter to maintain the one-dimensional heat conduction assumptions. There is a core inserted in the hollow cylinder and an outer shield is fixed around the sample. The core and the shield have higher conductivity than the sample in order to maintain isothermal conditions on the outer and the inner surface of the sample. There are thermocouples inserted into the core and the shield (see Fig. 1 ). The measurement starts by heating up the sample to a predefined temperature. When the isothermal state is reached the heating process is stopped, the temperature registration and the forced air-cooling is started. During the cooling process the air temperature, the core temperature and the shield temperature are registered. The end of the cooling process -equalization of temperatures -is considered when the temperature of the core is close to the temperature of the airflow. During the evaluation procedure, the heat transfer coefficient should be known and it is determined by the help of a reference sample (see chapter 3). The evaluation is based on the core and shield temperature vs. time data.
The measurement equipment can be seen in Fig. 2 . The cylindrical furnace can be moved in the vertical direction. During the heating, the furnace encircles the core-sample-shield system. When the isothermal state is reached, the furnace is moved down to its lower position. This way the forced air powered by the fan can cool the outer surface of the core-sample-shield system. The direction of the airflow is close to tangential at every point of the shield to ensure the homogenous distribution of the heat transfer coefficient. Four thermocouples are used to measure the temperature of the core, the shield, the furnace and the airflow. An electronic reference junction working at 50˚C is used for the temperature measurement. The temperature data are registered via ICP Con data acquisition modules by a personal computer.
In this paper, we present the measurement results of two different samples. The samples and the reference sample can be seen in Fig. 3 . Both samples are made of a granular material and epoxy resin. In case of Sample 1 the granular material is sand with 0.8-1.6mm particle size, in case of Sample 2 the granular material is mullite (aluminium silicate) with 0-3mm particle size. Both materials are porous with open pores. The reference sample which is used to determine the heat transfer coefficient is made of copper (see chapter 3).
The evaluation allows the determination of the volumetric heat capacity and the thermal conductivity as linear functions of the temperature using the temperature vs. time curves measured in the core and shield. The geometry and the initial and boundary conditions are known parameters, while the solution to the IHCP is found by a genetic algorithm based method developed by the authors [4] . To solve the inverse problem we have to solve the forward problem as well and this is achieved using a finite difference method. The genetic algorithm then uses the forward solution as an elementary step. The forward solution was optimized (time step, meshing) and verified in order to achieve the shortest CPU time and to keep the accuracy [4] .
The genetic algorithms (GA) work similar to the biological evolution of nature. The GAs are mostly said to be optimization methods searching for the best solution of an ill-posed problem [5, 11] . The algorithm is working parallel on a number of candidate solutions known as entities. In this case one entity requires four parameters (equation 1), as we want to determine two linear functions. The linear functions are defined by two points, one point at the temperature of the airflow, the other one at the initial Per. Pol. Mech. Eng. temperature as this is the temperature range of the measurement.
The search process is controlled by the objective function. In our case, the objective function is the minimization of the deviation between the measured and the calculated transient temperature data. The calculated temperature data refer to the temperature vs. time curves calculated by the forward solution for an entity created by the genetic algorithm. The objective function (E) is calculated as the sum of the absolute deviations in 100 time steps for the inner surface and in 100 time steps for the outer surface of the sample as follows:
where h1 indices refer to the inner surface, h2 indices refer to the outer surface of the sample, i indices refer to different time steps, e indices refer to the temperature results of the actual entity and m indices refer to the measurement data. The objective function is calculated for every entity. This way we can make a qualitative difference between the entities. The new entities are created using the best ones applying the genetic operators. The genetic operators contain many random operations. The algorithm stops when a preset number of entities are calculated or the objective function reaches a preset limit. This means that every genetic run stops with a different objective function value and different combination of the material properties. 
Determination of the heat transfer coefficient
The heat transfer coefficient is determined using a reference sample (see Fig. 3 ). The reference sample is made of copper. The geometry of the reference sample is the same as the coresample-shield system. Efforts were taken to create a nearly homogenous airflow distribution at the surface of the reference sample. Because of this, a constant heat transfer coefficient is considered in time and space. In order to determine the heat transfer coefficient we perform a measurement process similar to the regular measurement process since only the temperature of the outer surface of the reference sample is recorded. As the copper has high thermal conductivity, the reference sample can be considered isothermal in space (lumped thermal capacity model) at every moment of the cooling process. In this case, the temperature vs. time curve of the cooling down can be described by the following equation:
where t is the temperature, τ the time, h is the heat transfer coefficient, m is the mass, c is the specific heat, A is the area of the outer surface of the reference sample, d is the outer diameter of the reference sample, ρ is density. The indices o and ∞ refer to the initial state and to the air flow respectively. The temperature results of the reference sample measurement can be seen in Fig. 4 , where t is the temperature difference between the reference sample and the airflow. An exponential trend line is fitted to the measured curve with a good accuracy in the following mathematical form:
As we know the A, B parameters of equation 4 from the curve fitting, the material properties and the geometry of the reference sample, we can calculate the heat transfer coefficient using equation 5.
This value of the heat transfer coefficient is a constant parameter of the measurement arrangement. If the geometry does not change, it is not necessary to measure it every time we test a new sample. It is sufficient to check it one or two times a year. If the temperature range of the measurement changes significantly it is recommended to check this value again. 
Results
The measured transient temperature results of the two samples can be seen in Fig. 5 . These two curves per sample are used in the evaluation. The parameters of the evaluation can be found in Table 1 . The evaluation is performed by a genetic algorithm based method. In order to get clear and reliable final results, we have to use the results of several genetic runs. The CPU time of one genetic run was about 20 minutes performed by a 2.33 GHz Dual Core processor, so the CPU time of the evaluation procedure was about 20 hours for one measurement. The resulted material parameters of the genetic runs are plotted in function of the objective function (E) in Fig. 6 and 7 . Every data point in the diagrams is a result of one genetic run. A clear convergence can be seen in all four diagrams. As the objective function decreases, the parameter in point tends to a single value like a comet. This value will be the final result of the evaluation. This final value can be estimated either by selecting the parameters with the lowest objective function value (E) (best entity) or by calculating the average of the parameters below a limit of the objective function (E). This limit of E should be low enough to have a quasi-symmetrical region of the parameters below that limit. These two methods always give nearly the same final parameters.
Tab. 2. Final material properties of Sample 1 and 2
Best entity Average The final material properties using the best entity and the average methods can be found in Table 2 . In the case of Sample 1 the volumetric heat capacity increases with the increasing temperature, while the thermal conductivity remains constant. In case of Sample 2 the volumetric heat capacity is nearly constant Per. Pol. Mech. Eng. and the thermal conductivity decreases with the increasing temperature. The specific heat can be calculated easily considering constant density. The results can be found in Table 3 . The final material properties (using the best entity) plotted in function of the temperature are shown in Fig. 8 . In the genetic algorithm the linear material property functions are defined by two points. From the two data points the equation of the linear material property function can be calculated. These equations for the final material properties (best entity) together with the valid temperature ranges are as follows. 
Conclusions
The temperature dependent volumetric heat capacity and thermal conductivity of two different porous mineral-resin composites were determined simultaneously by a transient measurement technique developed by the authors. The measurement technique needs only one transient measurement. The material properties are calculated from the measured temperature data by a genetic algorithm based evaluation method. There are three main advantages of this method. The measurement takes only 1 or 2 hours. The volumetric heat capacity and the thermal conductivity can be determined simultaneously from the same transient temperature data. Finally, both material properties can be determined as linear functions of the temperature. The only disadvantage of the method is the CPU time of the evaluation. It can take several hours, but due to the continuous development of computer technology the CPU time demand is less of a concern. Since the advantages of the presented measurement technique can be maximized measuring polymer materials, the method can be a very effective tool in polymer technology.
